
1Geographical Information Systems, Decision Support Systems, and Urban
Stormwater Management

James P. Heaney, David Sample, and Leonard Wright
University of Colorado

Boulder, Colorado

Final Report to the US Environmental Protection Agency
Edison, NJ

                                                                
1 This report was prepared by the University of Colorado under Cooperative Agreement No. CZ826256-01-0 with the EPA.  The
information presented does not necessarily reflect the views of the Agency, and no official endorsement should be inferred.  The
mention of trade names or commercial products does not imply endorsement by the United States government.



ii

Table of Contents
Abstract .............................................................................................................................................................................................v
1.0 Introduction................................................................................................................................................................................ 1
2.0 Literature Review...................................................................................................................................................................... 2

2.1 Overview of Sources of Reviewed Literature .................................................................................................................. 2
2.2 GIS as a Spatial Database for Urban Stormwater Modeling......................................................................................... 2

2.2.1 GIS as a pre-processor for urban stormwater models ............................................................................................. 3
2.2.2 GIS as a post-processor for urban stormwater models ........................................................................................... 4
2.2.3 GIS used to estimate spatial input parameters ......................................................................................................... 4
2.2.4 GIS used to estimate non-point source pollutant loads .......................................................................................... 5

2.3 Integration of GIS and Hydrologic Time Series.............................................................................................................. 5
2.4 Integration of GIS and Urban Stormwater Models ......................................................................................................... 6
2.5 Management Evaluation Using Integrated GIS and Urban Stormwater Models ....................................................... 7
2.6 Trends in the Integration of GIS and Urban Stormwater Modeling............................................................................. 8

3.0 Summary of Available GIS Urban Stormwater Modeling Software ................................................................................ 9
3.1 SWMM and EPA Windows SWMM.............................................................................................................................. 11
3.2 PCSWMM ’98 and PCSWMM GIS................................................................................................................................ 11
3.3 XP-SWMM by XP Software (Also Available as Visual Hydro by CAiCE)............................................................ 12
3.4 SWMM-DUET.................................................................................................................................................................... 13
3.5 DHI Software ....................................................................................................................................................................... 13

3.5.1 MIKE SWMM............................................................................................................................................................. 13
3.5.2 MOUSE and MOUSE GIS........................................................................................................................................ 13

3.6 Wallingford Software-HydroWorks and InfoWorks .................................................................................................... 16
3.7 Summary............................................................................................................................................................................... 17

4.0 Future Urban Stormwater Modeling in a DSS Environment........................................................................................... 19
4.1 State Information................................................................................................................................................................. 21

4.1.1 GIS................................................................................................................................................................................. 21
4.1.2 Time series ................................................................................................................................................................... 22
4.1.3 Relational database..................................................................................................................................................... 23

4.2 Process Information-Simulation Tools ............................................................................................................................ 28
4.3 Evaluation Tools ................................................................................................................................................................. 28
4.4 Overall DSS for Water Management............................................................................................................................... 28

5.0 Application of GIS and DSS to Micro Storm Analysis .................................................................................................... 31
5.1 Spatial Scale and GIS-Stormwater Modeling ................................................................................................................ 32
5.2 Description of Happy Acres Case Study GIS................................................................................................................ 37
5.3 Simulation Tools for Hydraulic Design.......................................................................................................................... 44
5.4 Simulation Tools for Hydrologic Analysis .................................................................................................................... 49

5.4.1 Hydrologically functional landscaping................................................................................................................... 49
5.4.2 Determination of runoff volumes using NRCS method....................................................................................... 52
5.4.3 Breakdown of calculated volumes per function .................................................................................................... 52

5.5 Simulation Tools for Cost Analysis ................................................................................................................................ 55
5.6 Optimization of Control Options for Happy Acres....................................................................................................... 59
5.7 Decision Support Systems and the Happy Acres Case Study..................................................................................... 61

6.0 Summary and Conclusions.................................................................................................................................................... 62
6.1 Summary............................................................................................................................................................................... 62
6.2 Conclusions ......................................................................................................................................................................... 62

7.0 References ................................................................................................................................................................................ 65
Appendix:  Happy Acres Database............................................................................................................................................. 72



iii

List of Figures
Figure 3.1:  PCSWMM output.................................................................................................................................................... 12
Figure 3.2:  Visual Hydro ............................................................................................................................................................. 14
Figure 3.3:  Mouse GIS user action............................................................................................................................................ 15
Figure 3.4:  System response to user action, Mouse GIS........................................................................................................ 15
Figure 3.5:  InfoWorks from Wallingford Software ................................................................................................................ 16
Figure 4.1:  DSS structure and components .............................................................................................................................. 20
Figure 4.2:  Relational database query example in ArcView using water use data ........................................................... 25
Figure 4.3:  Spatial results for example query from figure 4.2. ............................................................................................. 26
Figure 4.4:  Query results output to Excel using Avenue script tool and Microsoft DDE................................................ 27
Figure 4.5:  CU-CADSWES DSS............................................................................................................................................... 29
Figure 4.6:  Danish Hydraulic Institute DSS, based on integrated water resources modeling......................................... 30
Figure 5.1:  Proposed DSS for microstorm analysis ................................................................................................................ 32
Figure 5.2:  BASINS dataset for Boulder, Colorado ............................................................................................................... 34
Figure 5.3:  ArcView coverage of Boulder, Colorado............................................................................................................. 35
Figure 5.4:  City of Boulder ArcView GIS coverage for University Hill neighborhood, Boulder, Colorado............... 36
Figure 5.5:  AutoCAD file for University Hills neighborhood, Boulder, Colorado........................................................... 38
Figure 5.6:  AutoCAD coverage for study area........................................................................................................................ 39
Figure 5.7:  Study area topography ............................................................................................................................................ 40
Figure 5.8:  Study area land use.................................................................................................................................................. 41
Figure 5.9:  Study area soils ......................................................................................................................................................... 42
Figure 5.10:  Study area sewer network..................................................................................................................................... 45
Figure 5.11:  Conventional storm drainage............................................................................................................................... 50
Figure 5.12:  Illustration of hydrologically functional landscape ......................................................................................... 51
Figure 5.13:  Allocation of available storage for initial abstraction and land use. ............................................................. 55



iv

List of Tables
Table 3.1:  Summary of available urban stormwater modeling software with GIS linkages ........................................... 10
Table 3.2:  Characteristics of urban storm stormwater models .............................................................................................. 18
Table 5.1:  Available BASINS data attributes.......................................................................................................................... 33
Table 5.2:  Minimum horizontal accuracy and example features for various map scales in urban areas....................... 34
Table 5.3:  Mix of land uses in Happy Acres ........................................................................................................................... 37
Table 5.4:  AutoCAD layers for study area............................................................................................................................... 43
Table 5.5:  Right of way characteristics..................................................................................................................................... 43
Table 5.6:  Lot characteristics for residential parcels .............................................................................................................. 44
Table 5.7:  Aggregate characteristics for commercial, apartments, and schools ................................................................ 44
Table 5.8:  Sewer network design hydrology ........................................................................................................................... 46
Table 5.9:  Sewer network design hydraulics ........................................................................................................................... 47
Table 5.10:  Sewer network design cost.................................................................................................................................... 48
Table 5.11:  Initial abstraction as a function of curve numbers, CN..................................................................................... 49
Table 5.12:  SCS hydrologic classifications, and calculation of unit storage values, 1/99$............................................. 53
Table 5.13:  Calculation of developed and predevelopment stormwater volumes for Happy Acres .............................. 54
Table 5.14:  Land valuation for medium density lot, 1/99$.................................................................................................... 56
Table 5.15:  Cost analysis of landscaping for medium density lot, 1/99$............................................................................ 57
Table 5.16:  Calculation of unit costs for controls, including opportunity costs for land, 1/99$..................................... 58
Table 5.17:  Results of LP optimization-land use allocation by function (includes opportunity costs)......................... 60
Table 5.18:  Least-cost LP solutions for land Use/BMP options (including land costs) for Happy Acres.................... 61
Table A-1:  Parcel attributes ........................................................................................................................................................ 73
Table A-2:  Right of way attributes ............................................................................................................................................ 78


	Cover page & Authors
	Disclaimer

	Table of Contents
	List of Figures
	List of Tables
	Contents
	Appendix
	References

